Envivonmental Heallh Perspectives
Vol. 88, pp. 77-82, 1990

Genetic Modulation of the Cellular
Antioxidant Defense Capacity

by Paul Amstad* and Peter Cerutti*

Oxidants are ubiguitous in our aerobic environment. While they are always toxic, they can also exert
pathophysiological effects at low concentrations and play an etiological role in human disease. For ex-
ample, oxidants can stimulate cell growth and act as tumor promoters. The cellular antioxidant defense
system attenuates the effect of oxidants and consists of Jow molecular weight components and several
enzymes, Most important are catalase (CAT), superoxide dismutases (SOI}), and glutathione peroxidase.
We are attempting to elucidate the role of CAT and Cu,Zn-80D in oxidant tumor promotion of mouse
epidermal cells JB6. We have found that the promotable clone 41 possesses 2- to 3-fold higher levels of
activity, protein, and stationary mRNA of CAT and Cu,Zn-S0OD than does the nonpromotable clone 30.
We propose that the growth-stimulatory effect of oxidants is more pronounced in prometable clone 41
because it is better protected from oxidant toxicity. In order to corroborate this model, we have constructed
JB6 cells with higher levels of Cu,Zn-SOD and CAT by transfection with expression vectors containing
cDNA for these genes. On the other hand, cells with decreased amounts of Cu,Zn-S0OD have been cbtained
by their stable transfection with a vector containing SOD-¢cDNA in the antisense orientation. These cell
clones with modified antioxidant enzyme complements are heing characterized. In particular, their pro-
motability by oxidants and their sensitivity to killing and oxidative macromolecular damage are being
measured. Certain tumor promoters that lack oxidizing properties may generate a cellular prooxidant
state by a variety of mechanisms. For example, it had been reported that the phorbol ester TP A decreases
the activities of CAT and SOD in mouse skin. We found for JB6 cells that this loss of enzyme aciivity was
due to a decrease in the steady-state concentrations of CAT- and SOD-mRNA. The observed decreases in
CAT and SOD can be considered as part of the complex reprogramming of gene expression that is set in

motion by TPA.

Introduction

Oxidants are toxic to most cells. They inflict damage
on several targets, most importantly to lipids, proteins,
and DNA. Cells are protected by multiple levels of an-
tioxidant defenses. The notion that a gradual decrease
in these defenses might play a role in the aging process
has been considered for many years but remains con-
troversial. Comparative studies of the antioxidant ca-
pacity of tissues of different animal species have sug-
gested a positive correlation with the maximal lifespan
potential (7). Interestingly, the increase in lifespan of
rats by dietary restriction was accompanied by an in-
crease in the activities, mRNA contents, and rates of
transcription of the antioxidant enzymes catalase (CAT)
and Cu, Zn-superoxide dismutase (SOD) (A. Richard-
son, personal communication). Besides playing a role in
aging, oxidants possess carcinogenic potential. There is
convincing evidence that low doses of exogenous oxi-
dants can exert a growth-promoting effect and act as
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natural promoters in tumorigenesis (2—4). The following
principal alternatives can be distinguished for the action
of oxidant promoters. Oxidants and cellular prooxidant
states represent signals for the selective induetion of
differentiation or growth in a particular subpopulation
of epidermal cells. Indeed, a burst of extracellular active
oxygen (AQ) induced the competence-related protoon-
cogenes ¢-fog and c-myc in mouse epidermal cells JB6
(5,6). Specific subpopulations may differ in their sus-
ceptibilities to the cytostatic and cytotoxic effects of
oxidants (7,8). In support of the second alternative, we
found that the cytostatic effeet of AQ, DNA strand
breakage, and poly-ADP-ribosylation were more pro-
nounced in the nonpromotable clone 30 than in the pro-
motable clone 41 (9).

Because of the role of oxidants in degenerative dis-
ease, aging, and carcinogenesis, much research is being
concentrated on the elucidation of the mode of action of
oxidants and on the characterization of the cellular an-
tioxidant defense systems. All cells contain low molec-
ular weight antioxidants such as glutathione, cysteine,
ascorbate, a-tocopherol, urate, and carotinoids. In ad-
dition, they contain several antioxidant enzymes, most
importantly glutathione peroxidase (GPx), glutathione-
S-transferase, several SODs, and CAT. The individual






